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HYDROGEN ABSORBING ALLOY FOR ALKALINE STORAGE BATTERY 

FIELD OF THE INVENTION 
[0001] The present invention relates to an alkaline storage 
5 battery and to a hydrogen absorbing alloy that is used for a 
negative electrode of the alkaline storage battery. More 
particularly, the present invention relates to an improved hydrogen 
absorbing alloy for the negative electrode of an alkaline storage 
battery which extends the cycle life of the alkaline storage 
10 battery without decreasing the capacity of the battery. 

BACKGROUND OF THE INVENTION 
[0002] A nickel-cadmium storage battery has been commonly used 
as an alkaline storage battery. However, a nickel-hydrogen storage 
15 battery that uses a hydrogen absorbing alloy for a negative 
electrode has recently received attention because it has a high 
capacity as compared to the nickel-cadmium storage battery, and it 
is excellent from the view point of protecting the environment 
because it does not use cadmium. 

20 

[0003] Nickel-hydrogen storage batteries have been used for 
portable equipment. It is required to improve the batteries so 
that they are highly efficient. 

25 [0004] As an alloy to be used for the negative electrode of a 
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nickel-hydrogen storage battery, a rare earth-nickel hydrogen 
absorbing alloy having a crystal structure of the CaCu 5 type as the 
main phase, a Laves phase hydrogen absorbing alloy containing Ti, 
Zr, V and Ni, and the like, have been commonly used, 

5 

[0005] However, such hydrogen absorbing alloys do not have 
sufficient hydrogen absorbing capacity, and it is difficult to 
increase the capacity of the nickel-hydrogen storage battery. 

10 [0006] A rare earth-nickel hydrogen absorbing alloy containing 
Mg, such as an alloy represented by Ln 1 _ x Mg x Ni 2 or Mg 2 LnNi 9 , or a 
hydrogen absorbing alloy containing at least one element selected 
from Li, V, Nb, Ta, Cr, Mo, Mn, Fe, Co, Al, Ga, Zn, Sn, In, Cu, Si, 
P and B in addition to Mg has recently been proposed (for example, 

15 Japanese Patent Laid-open publication No. 2001-316744) . 

[0007] However, the hydrogen absorbing alloy described above is 
easily oxidized. When the alloy is used as a negative electrode of 
an alkaline storage battery, the alloy is easily oxidized by an 
20 alkaline electrolyte. Such oxidation consumes the alkaline 
electrolyte causing a shortage of the electrolyte which increases 
resistance in the battery and causes a reduction of the cycle life 
of the battery. 



OBJECT OF THE INVENTION 
[0008] An object of the present invention is to solve the above- 
described problems of an alkaline storage battery including a rare 
earth-nickel hydrogen absorbing alloy as a negative electrode. 
That is, an object of the present invention is to make it possible 
to improve the cycle life of the battery by an improvement of the 
rare earth-nickel hydrogen absorbing alloy without deteriorating 
the capacity of the battery. 

SUMMARY OF THE INVENTION 
[0009] A hydrogen absorbing alloy represented by the formula Ln x _ 
x Mg x Ni y _ a Al a (where Ln is at least one element selected from rare 
earth elements, 0.05 < x < 0.20, 2.8 < y < 3.9 and 0.10 < a < 0.25) 
is used for an alkaline storage battery in the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] Fig. 1 is a cross section of an alkaline storage battery 
prepared in Examples 1, 2, 4 ~ 17 and Comparative Examples 1, 2 and 
X. 

Fig. 2 is a drawing illustrating a test cell prepared to 
measure' maximum capacity in Examples 1-3 and Comparative Examples 
3, 4 and X. 

[Explanation of elements] 

1: positive electrode 
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2: negative electrode (hydrogen absorbing alloy electrode) 

3: separator 

4 : battery can 

5: positive electrode current collector 

6: seal plate 

7: negative electrode current collector 

8: insulation packing 

9: positive electrode external terminal 

10: coil spring 

20: container 

21: alkaline electrolyte 

22: reference electrode 



DETAILED EXPLANATION OF THE INVENTION 
15 [0011] When the hydrogen absorbing alloy containing Al in a 
range described above, in addition to a rare earth element, Ln, Mg 
and Ni, is used as the negative electrode of an alkaline storage 
battery, the cycle life of the battery can be improved without a 
reduction of the capacity of the battery. 

20 

[0012] In the hydrogen absorbing alloy, the rare earth element 
can be Y, Sc or a lanthanoid. Especially when Y is used, the 
effect of increasing the life cycle of the battery is greater. It 
is preferable that Y is used in a range of 0.03 ~ 0.1 mol%. 
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[0013] The reason why the molar ratio of Al ("a") is in a range 
of 0.10 - 0.25 is that, if "a" is less than 0.10, the hydrogen 
absorbing alloy is easily oxidized by the alkaline electrolyte and 
the alkaline electrolyte is consumed and reduces the cycle life of 
5 the battery because of a shortage of the electrolyte. However, if 
"a" is greater than 0.25, the capacity of the hydrogen absorbing 
alloy is reduced and the advantage, i.e., high capacity, of the 
alloy is lost. As a result, an improvement in cycle life cannot be 
expected because the capacity ratio of the negative and positive 
10 electrodes (capacity of the negative electrode/capacity of the 
positive electrode) is reduced. It is believed that when "a'' is 
greater than 0.25, i.e., when the content of Al is greater, a 
crystal structure of the alloy changes to reduce the hydrogen 
absorbing capability. 

15 

[0014] When a molar ratio ("x") of Mg in the alloy is in a range 
of 0.05 < x < 0.20, an oxidation resistance and a hydrogen 
absorbing rate of the hydrogen absorbing alloy are improved. 

20 [0015] Furthermore, when a molar ratio ("y") of Ni in the alloy 
is in a range of 2.8 < y < 3.9, a hydrogen absorbing capability of 
the alloy at a low temperature and charge and discharge cycle 
characteristics are improved. 
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[0016] If Zr is included in the alloy, cycle life is further 
improved. 

[0017] A part of rare earth elements, Ln, can be replaced with 
5 Zr, when Zr is included in the alloy. For example, an alloy 
represented by Ln 1 _ x _ 2 Mg x Zr 2 Ni y _ a Al a (wherein Ln is at least an element 
selected from rare earth elements, 0.05 ^ x < 0.20, 2.8 < y < 3.9, 
0.10 < a ^ 0.25 and 0.01 < z) can be used. 

10 [0018] If at least one element selected from V, Nb, Ta, Cr, Mo, 
Mn, Fe, Co, Ga, Zn, Sn, In, Cu, Si, P and B is contained in the 
alloy, cycle life of the alkaline storage battery is further 
improved. Especially when an element selected from In, Cr, Fe and 
Zn is contained in the alloy, cycle life is especially improved. 

15 When Fe or Zn is contained in the alloy, such effect is remarkable. 
An amount of the element added to the alloy, based on the total 
amount of Ln and Mg in the formula, is preferably about 0.3 mol%. 

[0019] As the alloy to which at least one element selected from 

20 V, Nb, Ta, Cr, Mo, Mn, Fe, Co, Ga, Zn, Sn, In, Cu, Si, P and B is 
added, there can be used the alloy described above in which a part 
of Ni is replaced with the element, i.e., an alloy represented by 
Ln 1 _ x . z Mg x Zr z Ni y . a _ b Al a M b (wherein Ln is at least one element selected 
from rare earth elements, M is at least one element selected from 
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V, Nb, Ta, Cr, Mo, Mn, Fe, Co, Ga, Zn, Sn, In, Cu, Si, P and B, 
0.05 < x < 0.20, 2.8 < y < 3.9, 0.10 < a < 0.25, 0.01 < z and 0.10 
< b < 1. 95) . 

[0020] When the alloy contains La in an amount of 10-50 atom% as 
the rare earth element Ln, the alloy composition is homogeneous and 
a hydrogen absorbing rate is improved. 

[0021] There is no limitation with respect to a diameter of 
particles of the alloy. However, if the diameter is too large, 
hydrogen absorbing characteristics at the beginning are not good, 
and if the diameter is too small, the alloy becomes is easily 
oxidized by an alkaline electrolyte. Therefore, an alloy having an 
average diameter of 50 ~ 200 \im is generally used, and an alloy 
having an average diameter of 65 ~ 200 pm is more preferably used. 

[0022] In the alkaline storage battery using the hydrogen 
absorbing alloy for the negative electrode, if an amount of the 
alkaline electrolyte is increased, it is helpful to keep the 
electrolyte from being consumed and a shortage being caused. 
However, internal pressure of the battery becomes high and a valve 
opens to shorten battery life. Therefore, the amount of the 
electrolyte based on lg of the hydrogen absorbing alloy is 
preferably not greater than 0.31 ml. Even if the battery uses 0.31 



ml or less of the electrolyte per lg of the hydrogen absorbing 
alloy, improved characteristics can be maintained because oxidation 
of the alloy is prevented and consumption of the electrolyte can be 
inhibited. 
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EFFECTS OF THE INVENTION 
[0023] The hydrogen absorbing alloy of the present invention 
represented by Ln 1 _ x Mg x Ni y . a Al a (where Ln is at least one element 
selected from rare earth elements, 0,05 < x < 0.20, 2.8 < y < 3.9 
10 and 0.10 < a < 0.25) is used for a negative electrode of an 
alkaline storage battery. The alloy makes it possible to improve 
the cycle life of the alkaline storage battery without a reduction 
in the capacity of the alkaline storage battery. 



15 DESCRIPTION OF PREFERRED EMBODIMENTS 

[0024] Examples of a hydrogen absorbing alloy for an alkaline 
storage battery and an alkaline storage battery of the present 
invention are described below and are compared with those of 
comparative examples to show that an improved cycle life is 

20 obtained in the alkaline storage battery of the present invention 
without reduction of capacity of the battery. It is of course 
understood that the present invention is not limited to these 
examples and can be modified within the spirit and scope of the 
appended claims. 
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[0025] (Example 1) 

[Preparation of Negative Electrode] 

A hydrogen absorbing alloy ingot comprising La, Pr and Nd as 
rare earth elements, Mg, Ni and Al in a mol ratio of 0.17 : 0.33 : 
5 0.33 : 0.17 : 3.20 : 0.10 (La : Pr : Nd : Mg : Ni : Al ) was prepared in a 
fusion furnace. The ingot was treated at 1000 °C for 10 hours 
under an argon atmosphere to prepare an hydrogen absorbing alloy 
ingot having the formula La 0>17 Pr 0> 33Nd 0> 33Mg 0tl7 Ni 3 . 20 Al 0tlo . 

10 [0026] Then the ingot was mechanically ground under an inert 
gas, and was classified to obtain a hydrogen absorbing alloy powder 
having an average particle diameter of 55 ]im. 

[0027] 100 Parts by weight of the hydrogen absorbing alloy, 0.4 
15 part by weight of sodium polyacrylate, 0.1 part by weight of 
carboxymethylcellulose and 2.5 parts of a 60 weight % 
polytetraf luoroethylene dispersion were mixed to prepare a paste. 
The paste was applied on both sides of an electrically-conductive 
core material comprising a nickel plated punching metal having a 
20 thickness of 60 jam, which was pressed after drying and cut to a 
desired (predetermined) size to prepare, as a negative electrode, 
a hydrogen absorbing alloy electrode comprising a layer of a 
hydrogen absorbing alloy having a thickness of 145 pm on both sides 
of the electrically-conductive core material. 
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[0028] [Preparation of Positive Electrode] 

A sintered nickel electrode was used as a positive electrode. 
The sintered nickel electrode was prepared by a chemical 
impregnation method by impregnating a nickel sintered substrate 
having a porosity of 85% in nickel nitrate into which 3 mol% cobalt 
nitrate and 3 mol% zinc nitrate were added. 

[Separator and Electrolyte] 

A polypropylene nonwoven fabric was used as a separator. 30 
% by weight of an alkaline electrolyte containing KOH, NaOH and 
LiOH»H 2 0 in a ratio of 8:0.5:1 by weight was used. A cylindrical 
alkaline storage battery having a designed capacity of 1000 mA as 
shown in Fig. 1 was assembled. 

[0029] As shown in Fig. 1, the separator 3 was inserted between 
the positive electrode 1 and the negative electrode 2 and was 
spirally rolled, and was placed in a battery can 4. The alkaline 
electrolyte was poured into the battery can 4 in an amount of 0.31 
ml per 1 g of the hydrogen absorbing alloy and the can was sealed 
after an insulation packing 8 was placed between the battery can 4 
and a seal plate 6. The positive electrode 1 was connected to the 
seal plate 6 through a positive electrode current collector 5, and 
the negative electrode 2 was connected to the battery can 4 through 
a negative electrode current collector 7. The battery can 4 and 
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sealing lid 6 were electrically insulated by the insulation packing 
8. A coil spring 10 was placed between the seal plate 6 and a 
positive electrode external terminal 9. The coil spring 10 is 
compressed and releases gas from inside of the battery to the 
atmosphere when pressure in the battery unusually increases. 

[0030] (Example 2) 

A hydrogen absorbing alloy ingot comprising La, Pr and Nd as 
rare earth elements, Mg, Ni and Al in a mol ratio of 0.17 : 0.33 : 
0.33 : 0.17 : 3.10 : 0.20 (La: Pr :Nd:Mg:Ni : Al) was prepared in a 
fusion furnace. After the ingot was prepared, a hydrogen absorbing 
alloy powder having the formula La 0 _ 17 Pr 0 , 3 3Nd 0 .33Mg 0 _ 17 Ni 3ao Al 0i20 and an 
average particle diameter of 55 jam was obtained in the same manner 
as in Example 1. 

[0031] An alkaline storage battery of Example 2 was prepared in 
the same manner as Example 1 except that the hydrogen absorbing 
alloy powder prepared above was used. 

[0032] (Comparative Example 1) 

A hydrogen absorbing alloy ingot comprising La, Pr and Nd as 
rare earth elements, Mg and Ni in a mol ratio of 0.17 : 0.33 : 0.33 
: 0.17 : 3.30 (La: Pr :Nd:Mg:Ni) was prepared in a fusion furnace. 
After the ingot was prepared, a hydrogen absorbing alloy powder 



having the formula La 0#17 Pr 0 .33Ndo.33Mgo.i7Ni3.30 and an average particle 
diameter of 55 pm was obtained in the same manner as in Example 1. 



[0033] An alkaline storage battery of Comparative Example 1 was 
5 prepared in the same manner as in Example 1 except that the 
hydrogen absorbing alloy powder prepared above was used. 

[0034] (Comparative Example 2) 

A hydrogen absorbing alloy ingot comprising La, Pr and Nd as 

10 rare earth elements, Mg, Ni and Al in a mol ratio of 0.17 : 0.33 : 
0.33 : 0.17 : 3.25 : 0.05 (La: Pr : Nd : Mg : Ni : Al) was prepared in a 
fusion furnace. After the ingot was prepared, a hydrogen absorbing 
alloy powder having the formula La 0 . 17 Pr 0 .33Nd 0 .33Mg 0 . 17 Ni 3 25 A1 0 05 and an 
average particle diameter of 55 jam was obtained in the same manner 

15 as Example 1. 

[0035] An alkaline storage battery of Comparative Example 2 was 
prepared in the same manner as in Example 1 except that the 
hydrogen absorbing alloy powder prepared above was used. 

20 

[0036] (Comparative Example X) 

An alkaline storage battery of Comparative Example X was 
prepared in the same manner as in Example 1 except that a hydrogen 
absorbing alloy powder having the formula 

12 



La 0>2 Pr 0i4 Nd 0>4 Ni 3 .78 Mn o.3 Co o.8 A lo.3 and an average particle diameter of 55 
pm, obtained in the same manner as Example 1, was used. The 
hydrogen absorbing alloy represented by La 0i2 Pr 0>4 Nd 044 Ni3_ 78 Mn 0>3 Co 0>8 Al 0- 3 
is commonly used in nickel-hydrogen batteries. 

[0037] The batteries of Examples 1 and 2 and Comparative 
Examples 1, 2, and X were charged at 1000 mA for one hour and then 
discharged to a battery voltage of 1 V at 1000 mA (this charge and 
discharge cycle is considered one cycle) . Charge and discharge of 
the batteries were repeated three times to obtain a discharge 
capacity at the third cycle as an initial discharge capacity. The 
results are shown in Table 1 as an index when the initial capacity 
of battery X is taken as 100. 

[0038] Charge and discharge of the batteries were repeated, and 
the number of cycles to reach 60 % of the discharge capacity of the 
first cycle was measured (wherein discharge at 1000 mA for one hour 
and discharge to 1 V at 1000 mA as described above is considered to 
be one charge and discharge cycle) . The results of cycle life of 
each battery are shown in Table 1 as an index when the cycle life 
of battery X is taken as 100. 
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[0039] Table 1 





Composition of Hydrogen Absorbing Alloy 
(mol ratio) 


Initial Discharge 
Capacity 


Cycle Life 


.Lid 




NTH 


Win \ 


IN _L 


AT 
r\ _L 


Exanvole 1 


0.17 


0.33 


0.33 


0.17 


3.20 


0. 10 


99 


115 


Example 2 


0.17 


0.33 


0.33 


0.17 


3. 10 


0.20 


100 


118 


Comparative 
Example 1 


0.17 


0.33 


0.33 


0.17 


3.30 




102 


77 


Comparative 
Example 2 


0. 17 


0.33 


0.33 


0.17 


3.25 


0.05 


101 


100 


Comparative 
Example X 


La 0 . 2 Pr 0 . 4 Nd 0 . 4 Ni 3 . 78 Mn 0 . 3 Co 0 . 8 Al 0 .3 


100 


100 



[0040] The alkaline storage batteries of Examples 1 and 2 in 
which the electrodes were prepared from the hydrogen absorbing 
alloy represented by Ln^Mg^iy^Ala (wherein Ln, x, y and a are as 
15 defined above) did not decrease in initial discharge capacity and 
each had an improved cycle life as compared to that of the 
batteries of Comparative Examples 1, 2 and X. 



[0041] (Example 3) 

20 A hydrogen absorbing alloy ingot comprising La, Pr and Nd as 

rare earth elements, Mg, Ni and Al in a mol ratio of 0.17 : 0.33 : 
0.33 : 0.17 : 3.05 : 0.25 (La: Pr : Nd: Mg : Ni : Al) was prepared in a 
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fusion furnace. After the ingot was prepared, a hydrogen absorbing 
alloy powder having the formula La 0 ,i7Pr 0f 33Nd 0> 3 3 Mg 0f 17 Ni 3 . 05 Al 0 .25 and an 
average particle diameter of 55 \im was obtained in the same manner 
as in Example 1. 

5 

[0042] (Comparative Example 3) 

A hydrogen absorbing alloy ingot comprising La, Pr and Nd as 
rare earth elements, Mg, Ni and Al in a mol ratio of 0.17 : 0.33 : 
0.33 : 0.17 : 3.00 : 0.30 (La: Pr :Nd:Mg:Ni:Al) was prepared in a 
10 fusion furnace. After the ingot was prepared, a hydrogen absorbing 
alloy powder having the formula La 0>17 Pr 0< 33Nd 0 .33Mg 0 . 17 Ni 3>00 Al 0 30 and an 
average particle diameter of 55 jam was obtained in the same manner 
as in Example 1. 

15 [0043] (Comparative Example 4) 

A hydrogen absorbing alloy ingot comprising La, Pr and Nd as 
rare earth elements, Mg, Ni and Al in a mol ratio of 0.17 : 0.33 : 
0.33 : 0.17 : 2.90 : 0.40 (La : Pr : Nd : Mg : Ni : Al ) was prepared in a 
fusion furnace. After the ingot was prepared, a hydrogen absorbing 

20 alloy powder having the formula La 0>17 Pr 0<33 Nd 0> 33Mg 0>17 Ni 2 . 90 A1 0 _ 40 and an 
average particle diameter of 55 pm was obtained in the same manner 
as in Example 1 . 

[0044] Negative electrodes were prepared using the hydrogen 

15 



absorbing alloy powders prepared in Examples 1, 2 and 3 and 
Comparative Examples 3 and 4 and using the alloy having the formula 
La 0<2 Pr 0>4 Nd 0!4 Ni3 >78 Mn 0<3 Co 0>8 Al 0 .3 used in Example X. 100 parts by weight 
of each hydrogen absorbing alloy powder and 50 parts by weight of 
5 Ni powder were mixed to fabricate a pellet under pressure to 
prepare the negative electrode. 

[0045] A cylindrical sintered nickel electrode was used as a 
positive electrode and 30 % by weight potassium hydroxide was used 
10 as an alkaline electrolyte. 

[0046] As shown in Fig. 2, the alkaline electrolyte 21 was 
filled in a container 20, the negative electrode 2 was placed 
inside the cylindrical positive electrode 1, and the negative 
15 electrode 2 and the positive electrode 1 were dipped in the 
alkaline electrolyte 21. An oxidized mercury electrode was also 
dipped in the alkaline electrolyte as a reference electrode 22. 

[0047] The cell was charged to 160 % of the negative electrode 
20 initial capacity at 60 mA/g using the negative electrode 2, and was 
discharged at 60 mA/g to -0.5 V of a potential of the negative 
electrode 2 versus the reference electrode 22. Such charge and 
discharge were repeated five times, and maximum capacity of each 
negative electrode was measured. The results are shown in Table 2 
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as an index when the maximum capacity of the negative electrode of 
Comparative Example X is taken as 100. 



[0048] Table 2 

5 





Composition of Hydrogen Absorbing Alloy 
(mol ratio) 


Maximum 
Capacity 


La 


Pr 


Nd 


Mg 


Ni 


Al 


Example 1 


0.17 


0.33 


0.33 


0.17 


3.20 


0.10 


110 


Example 2 


0.17 


0.33 


0.33 


0.17 


3.10 


0.20 


109 


Example 3 


0.17 


0.33 


0. 33 


0. 17 


3.05 


0.25 


105 


Comparative 
Example 3 


0.17 


0.33 


0.33 


0.17 


3.00 


0.30 


99 


Comparative 
Example 4 


0. 17 


0.33 


0. 33 


0.17 


2.90 


0.40 


81 


Comparative 
Example X 


La 0 .2Pr 0 . 4 Nd 0 . 4 Ni3. 78 Mn 0 . 3 COo.8Alo.3 


100 



[0049] The negative electrode prepared from the hydrogen 
absorbing alloy represented by Ln^Mg^iy^Ala (wherein Ln, x, y and 

20 a are defined above) of Examples 1-3 had increased maximum 
capacities as compared to the negative electrode of Comparative 
Example X. However, when a mol ratio of Al ("a") in the alloy is 
greater than 0.25 (Comparative Examples 3 and 4), the maximum 
capacity of the negative electrode was equal to or smaller than 

25 that of the negative electrode of Comparative Example X. When a 
maximum capacity is increased such as in Examples 1 - 3, a capacity 
ratio between a positive and negative electrodes (capacity of a 
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negative electrode/capacity of a positive electrode) is also 
increased and cycle life is improved. 

[0050] (Example 4) 
5 A hydrogen absorbing alloy ingot comprising La, Pr and Nd as 

rare earth elements, Zr, Mg, Ni and Al in a mol ratio of 0.17 : 
0.325 : 0.325 : 0.01 : 0.17 : 3.10 : 0.20 (La: Pr :Nd: Zr :Mg:Ni: Al) 
was prepared in a fusion furnace. After the ingot was prepared, a 
hydrogen absorbing alloy powder having the formula 
10 La 0tl7 Pr 0i 325Nd 0> 325Zr 0>01 Mg 0>17 Ni 3ilo Al 0>20 and an average particle diameter 
of 55 pm was obtained in the same manner as in Example 1. 

[0051] An alkaline storage battery of Example 4 was prepared in 
the same manner as in Example 1 except that the hydrogen absorbing 
15 alloy powder prepared above was used. 

[0052] (Example 5) 

A hydrogen absorbing alloy ingot comprising La, Pr and Nd as 
rare earth elements, Mg, Ni, Al and Co in a mol ratio of 0.17 : 
20 0.33 : 0.33 : 0.17 : 3.00 : 0.20 : 0.10 (La : Pr : Nd : Mg : Ni : Al : Co) was 
prepared in a fusion furnace. After the ingot was prepared, a 
hydrogen absorbing alloy powder having the formula 
La 0>17 Pr 0> 33Nd 0< 33Mg 0>17 Ni 3>00 Al 0i20 Co 0>10 and an average particle diameter of 
55 jam was obtained in the same manner as in Example 1. 

18 



[0053] An alkaline storage battery of Example 5 was prepared in 
the same manner as in Example 1 except that the hydrogen absorbing 
alloy powder prepared above was used. 

5 [0054] (Example 6) 

A hydrogen absorbing alloy ingot comprising La, Pr and Nd as 
rare earth elements, Zr, Mg, Ni, Al and Co in a mol ratio of 0.17 
: 0.325 : 0.325 : 0.01 : 0.17 : 3.00 : 0.20 : 0.10 
(La : Pr : Nd: Zr : Mg : Ni : Al : Co) was prepared in a fusion furnace. After 
10 the ingot was prepared, a hydrogen absorbing alloy powder having 

the formula La0.17Pr0.325Nd0.325Zr0.0iMg0.i7Ni3.00Al0.20CO0.i0 and an average 
particle diameter of 55 ym was obtained in the same manner as 
Example 1. 

15 [0055] An alkaline storage battery of Example 6 was prepared in 
the same manner as in Example 1 except that the hydrogen absorbing 
alloy powder prepared above was used. 

[0056] Initial discharge capacity and the number of cycles to 
20 reach 60 % of the initial discharge capacity of each alkaline 
storage battery of Examples 4-6 were measured. The results of 
cycle life of each battery are shown in Table 3 as an index when 
the cycle life of battery X is taken as 100. 
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[0057] Table 3 





Composition of Hydrogen Absorbing Alloy 
(mol ratio) 


Initial Discharge 
Capacity i 


Cycle Life 


La 


Pr 


Nd 


Zr 


Mg 


Ni 


Al 


Co 


Example 4 


0.17 


0.325 


0.325 


0.01 


0.17 


3.10 


0.20 




100 


130 


Example 5 


0.17 


0.33 


0.33 




0.17 


3.00 


0.20 


0.10 


99 


149 


Example 6 


0.17 


0.325 


0.325 


0.01 


0.17 


3.00 


0.20 


0.10 


99 


156 


Comparative 
Example X 


La 0 . 2 Pr 0!4 Nd 0<4 Ni 3>78 Mn 0 .3Co 0 . 8 Al 0 .3 


100 


100 
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[0058] As is clear from the results, when a part of Ln or Ni of 
the hydrogen absorbing alloy represented by Ln 1 _ x Mg x Ni y _ a Al a (wherein 
Ln, x, y and a are defined above) is replaced with Zr or Co, 
respectively, i.e., the alkaline storage batteries of Examples 4 - 
15 6 had further improved cycle life. 



[0059] In Examples 5 and 6, a part of Ni was replaced with Co. 
When V, Nb, Ta, Cr, Mo, Mn, Fe, Ga, Zn, Sn, In, Cu, Si, P or B is 
used instead of Co, a similar effect can be expected. 

20 

[0060] (Example 7) 

An ingot of a hydrogen absorbing alloy having the formula 
La 0tl7 Pr 0i 33Nd 0> 33Mg 0 . 17 Ni 3 _ 10 Al Ch 20f the same as Example 1, was prepared in 
the same manner as in Example 1. Then the ingot was mechanically 

20 



ground, and was classified under different conditions than Example 
1 to obtain a hydrogen absorbing alloy powder having an average 
particle diameter of 65 \im. 



[0061] An alkaline storage battery of Example 7 was prepared in 
the same manner as in Example 1 except that the hydrogen absorbing 
alloy powder prepared above was used. 



[0062] Initial discharge capacity and a number of cycles to 
reach 60 % of the initial discharge capacity of the alkaline 
storage battery of Example 7 was measured. The results of cycle 
life of the battery are shown in Table 4 as an index when the cycle 
life of battery X is taken as 100. 



[0063] Table 4 





Composition of 
Hydrogen Absorbing Alloy 
(mol ratio) 


Average Particle 
Diameter (Urn) 


Initial Discharge 
Capacity 


Cycle Life 


La 


Pr 


Nd 


Mg 


Ni 


Al 


Example 1 


0.17 


0.33 


0.33 


0.17 


3.20 


0.10 


55 


99 


115 


Example 7 


0.17 


0.33 


0.33 


0.17 


3.20 


0.10 


65 


99 


138 


Comparative 
Example X 


Lao.2Pro.4Nd 0>4 Ni3. 78 Mn 0>3 COo.8Alo.3 


55 


100 


100 



[0064] As is clear from the results, the alkaline storage 
battery of Example 7 prepared from the hydrogen absorbing alloy 
powder having an average particle diameter of 65 pm had further 
improved cycle life as compared to the battery of Example 1 
prepared from the hydrogen absorbing alloy powder having an average 
particle diameter of 55 jam. 

[0065] (Example 8) 

A hydrogen absorbing alloy having the formula 
La 0 . 17 Pr 0 .33Nd 0 .33Mg 0>17 Ni 3 . 10 Al 0 .20f the same as Example 1, was prepared in 
the same manner as in Example 1. A hydrogen absorbing alloy powder 
having an average particle diameter of 65 pm was prepared from the 
alloy. A hydrogen absorbing alloy electrode was prepared in the 
same manner as in Example 1 except that the hydrogen absorbing 
alloy powder having an average particle diameter of 65 \im was used. 

[0066] Nickel hydroxide powder containing 2.5 % by weight of 
zinc and 1 . 0 % by weight of cobalt was added into a cobalt sulfate 
solution, 1 M sodium hydroxide was dropped with stirring and 
reaction was continued with adjusting of the pH to a pH of 11. A 
precipitate was filtered and was washed with water and was dried in 
a vacuum to obtain nickel hydroxide powder having a surface coated 
with 5 % by weight cobalt hydroxide. 
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[0067] The nickel hydroxide powder coated with cobalt hydroxide 
was dipped in a 25 % by weight sodium hydroxide solution, treated 
by stirring at 85 °C for eight hours, and washed with water to 
obtain a powder of a positive electrode active material after 
drying at 65 °C. 

[0068] 50 Parts by weight of 0.2 % by weight hydroxypropyl 
cellulose as a binding agent was added to a mixed powder of 95 
parts by weight of the powder of the positive electrode active 
material, 3 parts by weight of zinc oxide and 2 parts by weight of 
cobalt hydroxide to prepare a slurry. 

[0069] The slurry was filled in pores of nickel foam having a 
surface density of about 600 g/m 2 , a porosity of about 95 % and a 
thickness of about 2 mm. The nickel foam filled with the slurry 
was rolled with pressure and was cut to a desired size to prepare 
a positive electrode comprising a nonsintered nickel electrode 
having a positive electrode active material density of about 2.9 
g/cm 3 -void. 

[0070] A cylindrical alkaline storage battery of Example 8 was 
prepared in the same manner as Example 1 except that the positive 
and negative electrodes prepared above were used. The designed 
capacity was 1500 mAh. 



[0071] (Example 9) 

A hydrogen absorbing alloy having the formula 
(La 0 . 19 Pr 0 .3 84 Ndo.38 4 2r 0 . 009 Y 0>029 ) 0 . 8 3 5 Mgo. 165 Ni3. 01 Al 0>19 COo. 1 was prepared in the 
same manner as in Example 1 for use in a negative electrode except 
5 that the hydrogen absorbing alloy powder had an average particle 
diameter of 65 jam. An alkaline storage battery was prepared in the 
same manner as in Example 8 except that the hydrogen absorbing 
alloy powder of this example was used. 

10 [0072] (Example 10) 

A hydrogen absorbing alloy having the formula 

(La 0 . 2 Pr 0 .3 95 Nd 0 .3 95 Zro.oi)o.83Mgo.i7Ni 3 .ioAlo.2oCOo.iFeo.o3 was prepared in the 
same manner as in Example 1 for use in a negative electrode except 
that the hydrogen absorbing alloy powder had an average particle 
15 diameter of 65 pm. An alkaline storage battery was prepared in the 
same manner as in Example 8 except that the hydrogen absorbing 
alloy powder of this example was used. 

[0073] (Example 11) 
20 A hydrogen absorbing alloy having the formula 

(Lao.2Pr 0i 3 95 Nd 0 .3 95 Zr 0t01 )o.83Mgo.i7Ni3.ioAlo.2oCOo.iZno.o3 was prepared in the 
same manner as in Example 1 for use in a negative electrode except 
that the hydrogen absorbing alloy powder had an average particle 
diameter of 65 pm. An alkaline storage battery was prepared in the 
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same manner as in Example 8 except that the hydrogen absorbing 
alloy powder of this example was used. 

[0074] (Example 12) 

5 A hydrogen absorbing alloy having the formula 

(La 0 . 2 Pr 0< 3 95 Ndo.395Zro.oi)o.83Mgo.i7Ni 3 .ioAlo.2oCOo.iCr 0>0 3 was prepared in the 
same manner as in Example 1 for use in a negative electrode except 
that the hydrogen absorbing alloy powder had an average particle 
diameter of 65 jam. An alkaline storage battery was prepared in the 
10 same manner as in Example 8 except that the hydrogen absorbing 
alloy powder of this example was used. 

[0075] (Example 13) 

A hydrogen absorbing alloy having the formula 

15 (La 0 . 2 Pr 0 . 395 Nd 0 ) 0.83^90. i7Ni 3 .ioAlo.2oCo 0 .iIn 0 . 03 was prepared in the 

same manner as in Example 1 for use in a negative electrode except 
that the hydrogen absorbing alloy powder had an average particle 
diameter of 65 \im. An alkaline storage battery was prepared in the 
same manner as in Example 8 except that the hydrogen absorbing 

20 alloy powder of this example was used. 

[0076] Each alkaline storage battery of Examples 8-13 was 
charged at 1500 mA for 16 hours, and was discharged to a battery 
voltage of 1.0 V at 300 mA (this charge and discharge cycle is 
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considered one cycle) . Charge and discharge of the battery were 
repeated three times to • activate the battery and to obtain a 
discharge capacity at the third cycle as an initial discharge 
capacity. The results are shown in Table 5 as an index when the 
5 initial discharge capacity of the battery of Example 8 is taken as 
100. 

[0077] The activated batteries of Examples 8-13 were charged 
at 3000 mA for 12 minutes, charging was continued at 1500 mA until 

10 the battery voltage reached the maximum, charging was continued 
until the battery voltage was reduced 1Q mV, the batteries were 
left for 20 minutes, then were discharged at 3000 mA to a battery 
voltage of 0.70 V, and were left for 10 minutes (this charge and 
discharge cycle is considered one cycle) . Charge and discharge of 

15 the batteries were repeated, and the number of cycles to reach 60% 
of the discharge capacity of the initial cycle was measured. The 
results of cycle life of each battery are shown in Table 5 as an 
index when the number of cycles to reach 60% of the discharge 
capacity of the initial cycle of the battery of Example 8 is taken 

20 as 100. 
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[0078] Table 5 





Composition of 
Hvdroaen Absorfoina Allov 
(mol ratio) 


Initial Discharge 
Capacity 


Cycle Life 


Example 8 


(La 0>2 P^o.395Ndo.395Zr 0>01 ) o.83Mg 0 .i7Ni3.ioAl 0 .2oC 0 o x 


100 


100 


Example 9 


( La0.194Pr0 384Ndo.384Zro.009Y0.O29) 0.835^0. 165^13. 01^1o.l9C0 0>1 


100 


161 


Example 10 


( La 0<2 P3: 0- 3 9 5Nd 0> 395Zr 0 01 ) 0.83^0. 17N13.10AI o.2oC°o.iFe 0 . 03 


100 


187 


Example 11 


(La 0 .2Pro.395Nd 0>3 9 5 Zr 0>01 ) 0 . 83^90. 17^3. i 0 Al 0> 2oCOo.iZn 0 . 03 


100 


140 


Example 12 


( La 0 .2P r o.395Nd 0 . 395 Zr 0.01 ) 0. 83MCJ0. i7Ni 3 . i 0 Al 0> 2oCo 0 .iCr 0> 03 


100 


126 


Example 13 


( L^o. 2 ^ r 0.395^^0. 395 Zr o.oi ) 0. 83^9o. 17^1 3 . 10^1 0 . 20^°0 . 1 ^ n 0 . 03 


98 


120 



[0079] As is clear from the results, the alkaline storage 
■ battery of Example 9 prepared using the hydrogen absorbing alloy 
containing Y in the rare earth elements, and the alkaline storage 

15 batteries of Examples 10 ~ 13 prepared using the hydrogen absorbing 
alloys containing Fe, Zn, Cr and In, respectively, had further 
improved cycle life as compared to the battery of Example 8 
prepared from the hydrogen absorbing alloy in which such extra 
elements are not included. The alkaline storage battery of Example 

20 9 prepared using the hydrogen absorbing alloy containing Y, and 
alkaline storage batteries of Examples 10 and 11 prepared using the 
hydrogen absorbing alloys containing Fe and Zn, respectively, had 
especially improved cycle life. 
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[0080] (Example 14) 

A hydrogen absorbing alloy having the formula 
(La 045 Pr 0 . 245 Nd 0 . 245 Zr 0>01 ) 0 . 83 Mg 0 . 17 Ni3. 05 Al 0 . 15 Co 0>1 was prepared in the same 
manner as in Example 1 for use in a negative electrode except that 
the hydrogen absorbing alloy powder had an average particle 
diameter of 65 jam. An alkaline storage battery was prepared in the 
same manner as in Example 8 except that the hydrogen absorbing 
alloy powder of this example was used. 

[0081] (Example 15) 

A hydrogen absorbing alloy having the formula 

(La 0 .5Pr 0 . 2 3Nd 0 . 23 Zro.oiYo.o3)o.83Mgo.i7Ni3.o5Alo.i5COo.i was prepared in the same 
manner as in Example 1 for use in a negative electrode except that 
the hydrogen absorbing alloy powder had an average particle 
diameter of 65 yim. An alkaline storage battery was prepared in the 
same manner as in Example 8 except that the hydrogen absorbing 
alloy powder of this example was used. 

[0082] (Example 16) 

A hydrogen absorbing alloy having the formula 

(La 0 . 5 Pro. 2 i5Ndo. 215 Zr 0>01 Y 0 . 06 ) o.ssMgo.iTNis.osAlo.isCOo.i was prepared in the 
same manner as in Example 1 for use in a negative electrode except 
that the hydrogen absorbing alloy powder had an average particle 
diameter of 65 yim. An alkaline storage battery was prepared in the 
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same manner as in Example 8 except that the hydrogen absorbing 
alloy powder of this example was used. 

[0083] (Example 17) 

5 A hydrogen absorbing alloy having the formula 

(La 0 . 5 Pr 0 . 195 Ndo. 19 5Zr 0 . 01 Y 0>10 ) 0 . 83 Mg 0tl7 Ni3 >05 Al 0>15 Co 0 . 1 was prepared in the 
same manner as in Example 1 for use in a negative electrode except 
that the hydrogen absorbing alloy powder had an average particle 
diameter of 65 pm. An alkaline storage battery was prepared in the 
10 same manner as in Example 8 except that the hydrogen absorbing 
alloy powder of this example was used. 

[0084] Each alkaline storage battery of Examples 14 - 17. was 
charged at 150 mA for 16 hours and then discharged to a battery 
15 voltage of 1 V at 300 mA (this charge and discharge cycle is 
considered one cycle) . Three cycles of charge and discharge were 
repeated to activate the battery. 

[0085] The activated batteries of Examples 14 - 17 were charged 
20 to reach the maximum battery voltages at 1500 mA, were charged 
until a battery voltage was reduced 10 mV and then were left for 20 
minutes, then the batteries were discharged to 0.70 V at 3000 mA, 
were left for 10 minutes (this charge and discharge cycle is 
considered one cycle) . 150 Cycles of charge and discharge were 

29 



repeated. 

[0086] Each alkaline storage battery was taken apart to get the 
hydrogen absorbing alloy. Oxygen concentration in the alloy was 
5 measured. The results are shown in Table 6 as an index when the 
oxygen concentration in the alloy of Example 14 is taken as 100. 

[0087] Table 6 

10 





Composition of 
Hydrogen Absorbing Alloy 
(mol ratio) 


Oxygen 
Concentration 


Example 14 


(La 0>5 Pr 0> 245Nd 0> 245Zr 0>01 ) o.83^9o. n^is. osAlo.isCOo.i 


100 


Example 15 


(La 0 .5P r o.23Nd 0> 23Zr 0 .oiYo.o3) o.e3^9o.i7Ni3.o5Al 0-15 Co 0>1 


94 


Example 16 


( l ,a 0.5P r 0.215Nd 0 .215Zr 0>01 Y 0 06 ) 0 . 83^9o . I7NI3 . OS^lo . 15^°0 . 1 


97 


Example 17 


( L^o.sPro. 195^^0. 195 Zr 0 01 Y 0 >10 ) 0>83 Mg 0 17 Ni 3 05 A1 0 . isCo 0 ! 


91 



[0088] As is clear from the results, the alkaline storage 
batteries of Examples 15 ~ 17 prepared using the hydrogen absorbing 
alloys containing Y in the rear-earth elements in a range of 0.03 

20 ~ 0.10 mol% had lower oxygen concentration than the battery of 
Example 14 prepared using the hydrogen absorbing alloy in which Y 
was not contained in the rare earth elements, i.e., the batteries 
of Examples 15 ~ 17 had improved oxidation resistance. The 
hydrogen absorbing alloy containing Y in the rear-earth elements in 

25 an amount of 0.10 mol% had the lowest oxygen concentration and its 
oxidation resistance was most improved. 
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